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METHOD AND APPARATUS FOR PERFORMING 
SEWER MAINTENANCE WITH A THERMAL SENSOR 

FIELD OF THE INVENTION 

[0001] The invention relates to a method and apparatus for performing sewer 
maintenance with a thermal sensor. 

BACKGROUND OF THE INVENTION 

[0002] A typical sewer system includes a main pipe and a series of lateral pipes 
communicating between buildings and the main pipe. Main pipes require periodic 
inspection and maintenance as the pipe ages or is subject to external destructive forces 
(e.g., frost, thermal cycles, earthquakes, and the ground shifting or sinking around the 
pipes). One major problem that may arise from a deteriorated main pipe is the flow of 
groundwater into the main pipe through cracks or improperly sealed joints. If large 
amounts of groundwater flow into a main pipe, the sewerage authority must process the 
groundwater along with the sewage and waste water for which the sewer system was 
intended. Such unnecessary processing of groundwater can be very expensive to the 
sewerage authority and, ultimately, the taxpayers. 

[0003] It is therefore common practice to periodically inspect main sewer pipes for 
cracks or flaws in the grout that seals the joints of the main pipe sections and the junctions 
between the main and lateral pipes. When a crack or leaking joint is discovered, the usual 
practice is to seal the crack or joint with grout. If the main pipe has multiple cracks and is 
leaking substantial amounts of groundwater, it is common to install a rigid liner to improve 
the containment capability of one or more sections of the main pipe. 

[0004] Such liners are intended to extend the useful life of the main pipe, but the liners 
also cover the lateral openings during the lining process. It is necessary to cut through the 
liner to reestablish communication between the main and lateral pipes. If the cutting is not 
executed accurately, the cutting device may cut through the liner and the main pipe walls 
and lower the containment capability of the main pipe. If the cutting device cuts too many 
erroneous holes in the liner and main pipe walls, the purpose of the liner is frustrated and 
the main pipe may have to be dug up and replaced. 



[0005] It is known to map out the positions of lateral pipe openings in the main pipe 
with conventional measurement techniques. After the main pipe has been mapped and 
lined, a robotic router or cutting device is introduced into the main pipe. The cutting 
device usually includes a conventional visual camera that permits an above-ground 
operator to see the inside of the main pipe. The operator remotely navigates the cutting 
device to the lateral openings by using the map that was created prior to lining the main 
pipe, and also using the visual camera to look for dimples in the liner that in some cases 
indicate the presence of a lateral opening. At each expected lateral opening location, the 
operator causes the cutting device to cut a hole through the liner. 

[0006] The lateral openings are typically only about 3 to 4 inches in diameter. It is 
often very difficult in the first place to accurately map the location of lateral pipe openings 
in the main pipe because both the axial and radial coordinates have to be taken into 
account. The visual camera is sometimes helpful to confirm to the operator the location of 
a lateral opening due to the presence of a dimple in the liner, but it is also not uncommon 
for the liner to have dimples that do not correspond to lateral openings or are not centered 
on the lateral opening. 

[0007] An operator using a conventional system is therefore often left guessing at the 
exact location of a lateral opening and hoping that the cutting device cuts through the liner 
at a location that perfectly aligns with the lateral opening. Missing the lateral opening by 
even a small margin can compromise the main pipe's containment capability as the cutter 
cuts a hole in liner and main pipe wall. 

SUMMARY OF THE INVENTION 

[0008] The invention provides a method and apparatus for performing maintenance on 
a sewer pipe. The method includes the steps of detecting with a thermal sensor variations 
in the thermal conditions of the sewer pipe, interpreting the variations in the thermal 
conditions, and performing maintenance on the sewer pipe based on the detected 
variations. One exemplary maintenance that may be performed with the method is the 
reinstatement of lateral pipe openings after the main pipe has been lined or relined. Other 
exemplary maintenance activities that may be performed in a main pipe with the method 
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and apparatus include inspection of pipe liners, grout inspection, and crack detection. The 
thermal sensor may be, for example, a thermal imaging camera or an infrared camera or 
scanner. 

[0009] Other features and advantages of the invention will become apparent to those 
skilled in the art upon review of the following detailed description, claims, and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 is an elevation view of a sewer pipe system after a new liner has been 
installed and having an apparatus according to the present invention in the main pipe. 

[0011] Fig. 2 is an enlarged view of the apparatus in the main pipe. 

[0012] Fig. 3 is an enlarged view of the camera assembly of the apparatus. 

[0013] Fig. 4 is a perspective view of the visual camera side of the camera assembly. 

[0014] Fig. 5 is a perspective view of the infrared camera side of the camera assembly. 

[0015] Fig. 6 is a perspective view of a portion of the apparatus. 

[0016] Before one embodiment of the invention is explained in detail, it is to be 
understood that the invention is not limited in its application to the details of construction 
and the arrangements of the components set forth in the following description or illustrated 
in the drawings. The invention is capable of other embodiments and of being practiced or 
being carried out in various ways. Also, it is understood that the phraseology and 
terminology used herein is for the purpose of description and should not be regarded as 
limiting. The use of "including" and "comprising" and variations thereof herein is meant 
to encompass the items listed thereafter and equivalents thereof as well as additional items. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0017] Figs. 1 and 2 illustrate a sewer system that includes a main sewer pipe 10 and a 
plurality of lateral pipes 15 communicating with the main pipe 10 through lateral openings 
20. The main sewer pipe 10 is preferably slightly graded such that water entering the main 
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pipe 10 from the lateral pipes 15 flows in a downstream direction 25 in the main pipe 10. 
The term "upstream" as used herein, is a reference to a direction opposite the downstream 
direction. 

[0018] In the illustrated sewer system, a liner 30 has been installed inside the main 
pipe 10, as is well known in the art. The liner 30 is used to seal the main pipe 10 and 
extend its life after some initial deterioration. One problem that arises as a result of 
installing the liner 30 is that the lateral openings 20 are covered by the liner 30 and have to 
be opened. The process of opening the lateral openings 20 by piercing the liner 30 is often 
referred to in the industry as "reinstatement" of the lateral openings 20. Although 
reinstatement is one primary application of the present invention, the invention may be 
used in other types of main pipe maintenance, as will be discussed below. 

[0019] Figs. 1 and 2 also illustrate an apparatus 35 for inspecting the liner 30 and 
reinstating the lateral openings 20. It will be appreciated that the illustrated apparatus 35 is 
for illustrative purposes only and is not to be regarded as limiting. The illustrated 
apparatus 35 includes an inspection device 36 and a separate cutting device 37, although in 
alternative constructions the devices 36, 37 may be incorporated into a single integrated 
device. Each device 36, 37 in the apparatus 35 includes a mechanism for propelling itself 
along the main pipe 10. The illustrated propulsion mechanism includes tracks 40, such as 
those disclosed in U.S. Patent Nos. 5,992,247 and 6,505,525, the entire contents of those 
patents being incorporated herein by reference. The tracks 40 are driven by an on-board 
propulsion motor 45. Alternatively, the apparatus 35 may include another propulsion 
mechanism such as wheels that are driven by the on-board propulsion motor 45. 

[0020] The invention does not require that the apparatus 35 be self-propelled, and the 
apparatus 35 may include skids or passive wheels and a rope or chain by which the 
apparatus 35 is pulled along the main pipe 10 by an operator above ground, such as in U.S. 
Patent No. 4,197,908 for example, the entire contents of which are incorporated herein by 
reference. Alternatively, the inspection device 36 may be powered and drag a passive 
cutting device 37 behind it, or the cutting device 37 may be powered and push a passive 
inspection device 36 in front of it, or the cutting device 37 may be upstream of the 
inspection device 36 and pull or be pushed by the inspection device 36. 
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[0021] With particular reference to Fig. 2, the cutting device 37 has a cutting head 50 
that includes a cutting element (e.g., a rotating or reciprocating bit or blade) 55 and a 
means for moving the cutting head 50 to engage the liner 30 with the cutting element 55. 
Other cutting heads than the one illustrated may also be used in the present invention, and 
the illustrated embodiment is not to be regarded as limiting. The cutting head 50 is used to 
cut through the liner 30 and reinstate the lateral opening 20 so that the main and lateral 
pipes 10, 15 are placed in communication with each other. 

[0022] Referring now to Figs. 3-5, the inspection device 36 has a camera assembly 60 
mounted on a pan and tilt motor 65 that is well known in the art. The motor 65 permits the 
camera assembly 60 to pivot about a longitudinal axis 70 and also about a transverse axis 
75 to give the camera assembly 60 a wide viewing range. The camera assembly 60 
includes a double-ended camera body 80 that has a visual camera 85 at one end and a 
thermal sensor 90 at the other end. As used herein, the term "visual camera" means a 
camera that operates in the portion of the light spectrum that is visible to the human eye. 
As used herein, the term "thermal sensor" includes all of the following: (1) a thermal 
imaging camera that creates a visual image based on thermal gradients in the liner; (2) an 
infrared camera or scanner that uses an infrared beam or field to measure surface 
temperatures of the liner; and (3) any other device that relays information to the operator 
regarding thermal characteristics of the liner. 

[0023] The pan and tilt motor 65 selectively rotates the body 80 to place one of the 
visual camera 85 and thermal sensor 90 in an active position and the other in an inactive 
position. In this regard, only one of the visual camera 85 and thermal sensor 90 may be 
active in the illustrated embodiment. It will be appreciated that the visual camera 85 and 
thermal sensor 90 may alternatively be provided separately and may each have a dedicated 
pan and tilt motor, in which case it may be possible for the camera and sensor 85, 90 to be 
active simultaneously. 

[0024] The visual camera 85 includes a lens and lights 95 around the lens. The lights 
95 assist an operator in seeing the interior of the main pipe 10. The lights 95 also produce 
heat which may be used to enhance the operation of the thermal sensor 90, as will be 
described in more detail below. The illustrated arrangement of lights 95 should not be 
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regarded as limiting, and the lights 95 may be provided at other locations, such as on the 
main body of the inspection device 36 rather than on the movable camera assembly 60. 
The thermal sensor 90 includes a window that captures thermal signatures or temperatures 
from bodies in front of the sensor 90. If the thermal sensor 90 includes an infrared camera, 
an infrared beam is emitted from the window. The operator is positioned above ground 
with a base station, which may be, for example, the truck 100 illustrated in Fig. 1. The 
base station includes one or more monitors for viewing the images and other information 
transmitted by the visual camera 85 and thermal sensor 90. Cables 105 interconnect the 
base station to the apparatus 35 and provide all the power and video conduits necessary for 
operation of the apparatus 35 and the camera assembly 60. Alternatively, a single cable 
105 may run from the base station to the cutting device 37, and then run from the cutting 
device 37 to the inspection device 36 and be useful to couple the devices 36, 37 together. 

[0025] For executing a reinstatement maintenance procedure, the apparatus 35 is 
placed in a recently-lined main sewer pipe 10. The operator remotely controls the 
propulsion systems to move the apparatus 35 along the main pipe 10. The operator may 
use either the visual camera 85 or thermal sensor 90 while navigating along the main pipe 
10. Once in the predicted vicinity of a lateral opening 20, the operator engages the thermal 
sensor 90 to detect thermal variations in the liner 30. The operator interprets the thermal 
variations to determine where the lateral openings 20 are. More specifically, the thermal 
signature of the liner 30 will be substantially constant for those portions of the liner 30 that 
are in front of the pipe walls and surrounded by earth. The thermal signature of the liner 30 
in front of a lateral opening 20 will typically be different (e.g., usually cooler) than the rest 
of the liner 30. The operator positions the inspection device 36 so that both the lateral 
opening 20 and the cutting head 50 are within the field of view of the visual camera 85 or 
thermal sensor 90, and then cuts through the liner 30 with the cutting element 55 to 
reinstate the lateral opening 20 and reestablish communication between the main and 
lateral pipes 10, 15. 

[0026] The thermal variations may be enhanced by filling the lateral pipe 15 with 
water (as at 1 10 in Figs. 1 and 2) such that the liner 30 holds the water in the lateral pipe 
15. The thermal variations are especially enhanced if the water is relatively cool. The 
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lateral pipe 15 may be filled with water by flushing a toilet or running a faucet, for 
example, after the main pipe 10 has been lined 30. The thermal sensor 90 will more easily 
identify the location of the lateral opening 20 if the portion of the liner 30 in front of the 
lateral opening 20 is cooled by the water. 

[0027] When using a thermal imaging camera, for example, the portion of the liner 30 
covering a lateral opening 20 appears as a cool spot (often colorized for visibility or a 
bright spot on a black and white thermal imaging camera). The thermal imaging camera 
will also typically permit the operator to see the cutting head 50 and cutting element 55, 
and the operator can therefore guide the cutting element 55 precisely to the cool spot while 
monitoring the movement of the cutting head 50 through the thermal imaging camera. 

[0028] When the operator is unable to see the cutting head 50 through the use of the 
thermal sensor 90 (e.g., when some types of infrared cameras or other non-imaging 
sensors are used), the operator will need a means for marking 115 (Figs. 2 and 6) the cool 
spots on the liner 30 so the operator can guide the cutting device 50 to the lateral openings 
20 with the visual camera 85. For that purpose a laser pointer, a light, or other indicator 
may be employed to mark the location of the lateral opening 20. The marker 115 may for 
example, be mounted on its own pan and tilt motor 120 and may be operated 
independently of the camera assembly pan and tilt motor 65. The marker 1 15 is illustrated 
as being mounted on the cutting device 37, but may alternatively be mounted on the 
inspection device 36. The marker 115 may have both thermal and visual characteristics 
such that the operator can confirm with the thermal sensor 90 (e.g., by detecting a change 
in temperature at the desired spot) that the marker 1 15 is pointed at the lateral opening 20, 
and then switch to the visual camera 85 and still see the location marked by the marker 
115. Alternatively, the marker 115 may be capable of leaving a mark in the liner that can 
be seen by the visual camera 85. For example, the marker may employ a focused light 
(e.g., a laser or the like) that will leave a burn mark on the liner.. 

[0029] As mentioned above, the lights 95 around the visual camera 85 generate heat. 
The operator may use the lights 95 to heat a localized portion of the liner 30 where a 
lateral opening 20 is expected to be, and then switch to the thermal sensor 90. Those 
portions of the liner 30 that are over the lateral openings 20 will typically cool faster than 
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those portions of the liner 30 that are against the pipe walls and surrounded by earth, and 
the thermal sensor 90 will identify the more rapidly cooling portion of the liner 30. This 
effect can be enhanced by filling the lateral pipe 15 with cool water as discussed above. 

[0030] As the cutting element 55 pierces the liner 30, the water in the lateral pipe 15 
will rush down into the main pipe 10. The rapid influx of cool water into the main pipe 10 
may create a substantially homogenous temperature condition or "thermal wash-out" 
across the pipe 10. Without thermal variations in the main pipe 10 the thermal sensor 90 
may be virtually useless in navigating and operating in the main pipe 10. The operator may 
therefore wish to switch to the visual camera 85 while further trimming the lateral opening 
20 and moving the apparatus 35 to a point sufficiently upstream of the newly-reinstated 
lateral opening 20 such that the apparatus 35 is not surrounded with water. The operator 
may then switch to the thermal sensor 90 to reinstate the next lateral opening 20, and 
continue reinstating lateral openings 20 in an upstream progression so that the apparatus 
35 is not surrounded by water while attempting to locate and reinstate lateral openings 20 
with the thermal sensor 90. 

[0031] The invention has main pipe maintenance applications other than assisting in 
the reinstatement of lateral openings. For example, the apparatus 35 is useful for 
inspecting whether a liner 30 has been installed properly. Many liners 30 are installed by 
applying a source of heat (e.g., steam) to the liner 30 and then letting the liner 30 cure in 
place. The apparatus 35 may be inserted into the main pipe 10 soon after the liner 30 has 
been heated, and used to inspect the temperature of the liner 30. In this way, the apparatus 
35 may be used to detect any cool spots in the liner 30 that were not heated properly and 
that will therefore not properly cure. If put into the main pipe 10 very quickly after heating 
the liner 30, the apparatus can also detect whether the liner 30 reached at least the 
minimum temperature required to begin the curing process. 

[0032] As mentioned above, groundwater seepage can be a major problem in a sewer 
system. Because groundwater is typically much cooler than the sewage in the main pipe 
10, the apparatus 35 may be used to detect the presence and source of groundwater in the 
main pipe 10. Once detected, the appropriate equipment may be brought in to seal off the 
main pipe 10 (e.g., with a liner or with grout or another sealant) to stop the groundwater 
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seepage. The camera assembly 60 may be integrated in such repair equipment so that the 
pipe defects can be repaired immediately upon detection. 

[0033] Also with respect to groundwater seepage, the apparatus 35 may be used to 
detect pockets of groundwater building up between the liner 30 and the main pipe walls. 
This can occur when a liner 30 is not properly installed or for some reason is not adhered 
to the main pipe walls. The resulting pockets in the liner 30 can fill with groundwater. 
Such pockets would be virtually undetectable with a visual camera, but would appear as 
bright spots on a thermal imaging camera display or as a cool spot on a non-imaging 
thermal sensor such as an infrared camera. 

[0034] The apparatus 35 may also be used to inspect any exothermic materials used in 
the main pipe 10. For example, where an epoxy grout or liner material is used to seal a 
crack or joint, the epoxy material will create heat during curing due to an exothermic 
chemical reaction. The apparatus 35 may be used to view the presence and consistency of 
the grout or liner material by monitoring the material's thermal signature. The apparatus 
35 could also be used to monitor endothermic reactions by monitoring the rate at which 
temperature decreases. 
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